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Method Article
INTERFACE BETWEEN HYDROPOWER GENERATION AND
OTHER WATER USES IN THE PIABANHA RIVER BASIN IN
BRAZIL

ABSTRACT

There is an increasing need in the field of watsources management to study ways to harmonize
multiple user demands. This study investigatesirttexface among various users of the Piabanha River
Basin in Rio de Janeiro state, in particular thplications on the electricity sector of increasupstream
consumption by other water users. To estimate éunsses of generation capacity in function of gngw
use of water resources, we applied a mathematiodehralled System for Simulation of Power Plants
with Consumptive Water Uses (Sis-UCA in the Poraggpiabbreviation), considering both the existing
power plant cascade and the likely future configarawith the inclusion of new projects under
construction and in the planning phase, along ithjections for future water demand by other users.
There was some difficulty obtaining data abouthhsin, but this did not impair validation of the deg
which converged to results that provide supporsfared management of multiple water uses. Amoag th
results attained, it is possible to state that #8%he maximum usable water is already being tiliz

leading to the conclusion of likely water conflidtsthe near future.

Keywords: Hydropower and electricity generatiors 8CA, Piabanha River Basin, modeling.

1 INTRODUCTION

Quantity and timing of water needs affects theti@hship of different types of
users (Pitana, 1993). Estimation of growth in totadter demands relies on the
understanding of the underlying social, economicl @nvironmental drivers to changes
in sectoral water demands (Hejatial. 2014). When changes in water rights lead to
changes in access some users will also experiarareity and water users who once
had adequate water for their needs, no longer havess to quantities and quality of
water which they need. Water scarcity challengeistiag property rights systems
which were able to allocate water under conditi@fssurplus. (Meizen-Dick and
Jackson,1996)

According to Tucciet al (2001), the development of water resources and
preservation of natural systems are major chalkrige Brazilian society and include
various aspects related to social and economicitomsl Among the challenges for

sustainable use of water resources are institutesyects, regional development versus
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environmental preservation needs and training ofdruresources.

In Brazil, Federal Law 9,433/1997, known as the &W&bw, establishes the basic
framework for water resource allocation, deterngnthat the management of water
resources must promote multiple uses in decendlform, with participation of all
stakeholders. According to its Article 12, authatian is required for any use of water
resources that can alter the regime, quantity @lityuof a determined water body.
Furthermore, in situations of shortage, supplyumans and livestock must come first.
Since water demands for a wide range of uses heer imcreasing, conflicts are also
becoming more pressing.

River basin inventory studies are considered gjratsince they constitute the
first stage of a hydropower project planning cyole(Pires, 2008). The watershed
analyzed here is that of the Piabanha River. Itelevant since together with the
Paraibuna River it provides the initial contributito the flow of the Paraiba do Sul
River after transposition, by pumping, from Santcilia Reservoir, which reduces the
net flows in the downstream segment starting in rthanicipality of Barra do Pirai
(CEIVAP, 2006). This basin’s problems are similarthose of many other Brazilian
watersheds: lack of basic sanitation infrastructenepanding secondary sector (e.g.,
textile and beverage industries) and aggravatiomatér use conflicts. There are several
small hydroelectric plants (abbreviation: SHPs)nglathe Piabanha River and its
tributaries, some in operation for over a centuspd new ones are either under
construction or in the planning stage.

Global electricity demand has grown by a factor fofir since 1970, and
international agencies and integrated assessmedélsianticipate continued growth
into the future, driven in large part by increasipgpulation and per-capita income.
(Davies ¢ al, 2013)

More than 82% of Brazil's electricity is hydropowelespite efforts to diversify
supply by building thermal plants and wind farmsking the country highly dependent
on this energy source (EPE, 2012). However, COSTAl.&2011) mention that only
30% of Brazil's potential is explored, convergindhwlEA (2011), which reveals that
the global hydropower potential is 2-3 times higthem the current generation, with the
greatest potential to be developed in Africa, Asiad Latin America. Although
hydropower plants do not consume water, the omerati the reservoir can affect both
upstream and downstream users, causing confliciatefests between generation of

power and satisfaction of other demands.
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This article examines the conflict among multiplater uses, particularly the
interface with hydropower generation, focusing loa énergy potential of the Piabanha
River Basin. To assess the energy losses from ggowses of water, we applied the
System for Simulation of Power Plants with ConsuwgptWater Uses (SisUCA), with
information on existing power plants along with skounder construction and on the

drawing boards, as well as estimates of future magenand for other purposes.

2 PIABANHA RIVER BASIN

The Piabanha River Basin, located in the centethgon region of the state of Rio
de Janeiro, drains an area of 2,065 km2 and coesrsn municipaliti€s Areal, Paraiba
do Sul, Paty dos Alferes, Petrépolis, Sdo Joséale ¥o Rio Preto, Teresopolis and Trés
Rios (Figure 1). This population of these munidiped was estimated in 652 thousand in
2015, increasing 2,5% from the 636 thousand in 28ddbrding to the latest census
conducted by the Brazilian Institute of Geography &tatistics (IBGE, 2010). Most of
these people, around 72%, are concentrated ing&dis@nd Teresopolis.
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Figure 1: Piabanha River Basin with it tributaries and municipalities. Source: (De Paula, 2011).

! The municipality is the local political unit in Brazil, and is similar to a county except that there is a
single mayor and municipal council. Large metropolitan regions typically cover several municipalities
while in rural regions a municipality may have only one or a few small towns. There are no
unincorporated areas in Brazil.
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The river's headwaters are located in the Orgdogy®and they drain toward the
middle part of the Paraiba do Sul River Valley. Ther passes through Petropolis
(population of about 300 thousand), the largest icitthe mountain region of Rio de
Janeiro. After Petropolis, the river flows to tharth, passing through the town of Areal
and continuing for a further 80 km until emptyinga the Paraiba do Sul River on its
right bank in the town of Trés Rios.

The Piabanha River on its left margin receives waten the Araras and Fagundes
rivers, while on the right bank its tributaries éine Quitandinha, Palatinado, Iltamarati,
Poco do Ferreira, Santo Antonio and Preto riveng Basin suffers from environmental
and civil defense problems such as poor water tyyddindslides, flooding and irregular
occupation along the margins of the main rivers gaswn in Photo 1, taken on
November 21, 2013), in the last case due to theximff people who cannot afford better

housing.

Photo 1: Irregular dwellings built along the river. Source: Authors.

2.1 Current authorized users of water from the basi

The list of authorized users of water in the bagas obtained from the Piabanha
Watershed Committee. The total authorized flow wagat is 25.275 m3/s, of which the
user holding the largest allotment is Po¢o Funder§in S/A, the company that has the

concession to build and operate the Po¢go Fundo 8#tR,a non-seasonal permit to
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draw 22.550 md/s. Since hydropower generation dugsconsume water, it can be

inferred that the overall official figure does meflect the consumptive uses in the basin,
which are on the order of 2.725 m?3/s. Besides theshumbers do not include the water
drawn by the municipalities that are not within tRebanha River Basin, in the total

amount of 0.170 m3/s. Therefore, we assumed thsuroptive uses represent a flow of
2.555 m3/s.

Besides the Po¢co Fundo SHP, which is still undestaction, the basin has three
other small hydropower installations: Piabanha SH®peration since 1908, located at
the confluence with the Preto River; Morro GrandeAceal SHP, located on the Preto
River near where it flows into the Piabanha Riwemperation since 1949; and Coronel
Fagundes SHP, located along the final segmenteof-igundes River, operating since
1924. Besides these, plans call for building thmeme SHPs on the Piabanha River
(Posse, Monte Alegre and S&o Sebastido); one oRrdéte River (Providéncia, besides
Poco Fundo); and one on the Capim River (Capim SWRirh is a tributary on the right
margin of the Preto River. There are also plarexfzand the installed power of Piabanha
SHP from 9 MW to 18.1 MW (PLANAVE e GUASCOR, 200Bigure 2 depicts the
basin’s topology with its main tributaries and theation of the existing (in green) and

future (in red) hydroelectric installations, alongh the respective drainage areas.

o |
#20f2 /0 pancramea

Photos 2 to 4: Constructions of dams from SHPs Conel Fagundes, Piabanha and Morro Grande
respectively. Source: ME, 2000.
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140 Photos 5 to 7: SHPs Coronel Fagundes, Morro Grandend Piabanha nowadays respectively.
141 Source: Authors.
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143 Figure 2: Topology with the power plants in operaton and future undertakings.
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3 METHODOLOGY

To assess the hydropower generation in the basimtsharmonization with other
growing water uses, we applied the SisUCA mathemalatnodel, developed by Hora
(2015), which employs the formulation developethiea MSUI (Model for Simulation of
Individualized Power Plants), in turn developeddgtrobras, with the introduction of a
new variable corresponding to the water divertedh whe total withdrawals being
limited by the maximum licensable flowgzao méaxima outorgaveir VMO).

The VMO represents the flow available for use asdirmited by the water
available from the watercourse without jeopardizisgecological state. In the state of
Rio de Janeiro, the State Environmental InstitiiEA), manager of water resources,
sets the VMO at 50% the;@, which represents the minimum seven-day flow tera
year return time. In the case of the Piabanha River VMO values were calculated

from the regional equation defined in CPRM (20@Xpressed by:
Q,;0 = 0.04190A%" (1)

Q,.0 = 0.0419CA%**" [P2%% equation suggested for the Fagundes River (2)

where:

Q710 minimum seven-day flow in a ten-year return tifmnem?3/s.

A drainage area, in kmz2,

P average annual rainfall, in m. For the Fagundeb-i&sin, CPRM (2003)
suggests a value of 1.352 m.

For the SHPs for which no historic flow series available (Morro Grande/Areal,
Coronel Fagundes, Providéncia and Capim), we definese series based on the flows
observed at the gauging stations located on the sarar and/or the flow series from
the nearest power plants. Therefore, for the M@rande/Areal and Providéncia SHPs,
we used the correlation of drainage areas with Pegoedo SHP and for Coronel
Fagundes SHP we generated the series from the floessured at the Fagundes
gauging station and at Posse SHP. Finally, for @&®HP we used the correlation with
Providéncia SHP.

With respect to the physical and hydraulic charisties of the power plants, for
the yield of the turbine-generator set of thosehwit available data (Providencia,
Coronel Fagundes and Morro Grande/Areal), it wagptet the value of 0.90, which

corresponds to the product of the individual yietdghe turbine (0.93) and generator



178  (0.97) (Eletrobras, 2007).
179 To calculate the maximum turbinable flow ((&@nay, We used the expression

180 defined by Eletrobras (2007), represented by:

PI; [1000
181 turb .y = ——————— 3
Qturb g 9.81; Dhrefi ( )
182  where:
183 Pl installed power of plant i, in MW.

184 hfefu rated head of plant i, in m.

185 Ni efficiency of the turbine-generator-transformestsyn.

186 With respect to water losses, Eletrobras (20079menends adoption of a value
187 of 2% of the respective gross hydrostatic head® gtoss head is the difference
188  between the normal maximum water level in the regerand the normal maximum
189  water level downstream of the dam at the turbindlebuThe reference head is
190 calculated, in the case of SHPs, by the differdrateveen the gross head and the water
191 losses (Eletrobras, 2007). The evaporation valuese wcalculated by using the
192  spreadsheet developed by Noronha (2011).

193 To assess the power generation losses due to gravéater consumption by other
194 users in the Piabanha River Basin, we defined wemarios: the first with the current
195 arrangement of the power plants in operation (Ribda Morro Grande/Areal and
196  Coronel Fagundes), called the current one, andséiwend also including the plants
197 under construction/expansion or planned for the ingnyears (expanded Piabanha,
198 Posse, Monte Alegre, Sdo Sebastido, Morro GrandalArCapim, Poc¢o Fundo,
199 Providéncia and Coronel Fagundes), called the dusgenario. In both simulation
200 scenarios, we considered the water demands for ades in the basin together with
201  operation of the reservoirs. The demand scenaliim#ed to the VMO value, were
202  additional water removals of 0%, 25%, 50%, 75% 80@% of the VMO.

203 The evaluation of energy generation and lossescedted with growing water
204 consumption by other users was defined startingdsyiparing the average and firm
205 power generation of each plant individually andhaf entire set (cascade), considering
206 the average monthly series corresponding to theogbefrom January 1931 to
207 December 1999. The average energy resulted fromitimglation for the entire period
208 and the firm energy resulted from the average valuthe simulation for the critical
209 period of the Brazilian electric power system (JUg#9 to November 1956). This
210 period corresponds to the most unfavorable hydroébgeriod faced by Brazil.
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Finally, the average and firm energy generationexpressed in the model
(Eletrobas, 2007) by:

Em = 0.0088 heri - Q (4)
Efi = 0.0088 hreti - Qcriti (5)
where:

Em is the average energy generation in plant i, in iadMth;

Efi is the firm energy generation in plant i, in MWntion

hret; is the reference head in plant i, in m;

Q is the monthly operating flow in plant i, ri3s

Quiiti iIs the monthly operating flow in plant i, in theitical period (June 1949 to
November 1956), in fis?;

4 RESULTS & DISCUSSION

Figures 3 and 4 present, respectively, the restained from the simulations of
average and firm energy levels as well as the sogs@enerating capacity related to

increased allocation of the VMO for the current éuidire scenarios.

Current Scenario: Generation and losses in mean and firm energy with respect to water
withdrawals
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Losses ofthe Firm Energy 0.0% 23% 47% 7.3% 9.9%
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Figure 3: Comparison between average and firm enegggeneration in the current scenario
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Future Scenario: Generation and losses in mean and firm energy with respect to water
withdrawals
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Figure 4: Comparison between average and firm eneyggeneration in the future scenario

It should be noted that during the simulations, feend negative incremental
flow values for some of the power plants. This ca@an inconsistency in the average
monthly flow series, as pointed out by Hora (201Ngvertheless, we decided to
maintain the flow series defined in the inventdrgcause of its approval by ANEEL.
Table 1 presents the number of occurrences of ivegatcremental flows resulting

from the simulations in both scenarios.

Table 1: Number of occurrences of negative incremeal flows

Piabanha SHP with 114 occurrences
Monte Alegre SHP with 801 occurrences
Sao Sebastidao SHP with 546 occurrences

Current Scenario

Future Scenario

Analysis of the energy loss results shows thatplamts with lowest installed
capacity (Providéncia, Capim and Posse) presehtedatgest losses due to increasing
water consumption by other users, with the stantieing Capim SHP, for which the
loss was around 22% in both scenarios.

Nevertheless, in general all the power plants fatie generation losses with
increase of the VMO allocation to other users. €hestimated losses are between 1.3
and 19% for average energy production, and betvZegnand 22% for firm energy
generation.

Given that the uses in the basin total 2.555 mitsthe VMO of S&o Sebastido
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SHP (located near the point where the PiabanharRiows into the Paraiba do Sul
River) is equal to 3.48 m3/s, nearly 75% of theitdasvMO is already being utilized,
representing losses of potential power generatios.82% for average energy and

7.27% for firm energy.

5 CONCLUSIONS

The average monthly flow series defined in the mwey studies and approved by
ANEEL present problems related to incremental floM&e recommend review of the
average monthly flows of all the hydroelectric pginalready operating, under
construction and planned in the Piabanha RiverrBasi

The results of applying the SisUCA model convergeall the water removal
scenarios, allowing inferring that it is a validbtdo analyze generation losses due to
multiple water uses in the Piabanha River Basin.

The current water uses account for approximatef @ the VMO at the river
mouth, which already represents an energy losstHercurrent scenario. This can
compromise satisfaction of power demand contraébedhe new undertakings and
signals a perspective for conflicts, since thedreanfor the VMO to be totally used in
the not-too-distant future. This tendency is aggted by the current situation
associated with the historic problems due to lowtewavailability in a region with
considerable population density. Therefore, furterdies are needed to asses the
impact on energy generation and economic performémen reduction of flows to the
power plants not yet constructed, as well as thkigion of discussion of this theme on
the agenda of the Piabanha River Basin Committeenihimize possible water use
conflicts.

Therefore, this study becomes an important tool decision making of both
government and civil society about the future of ttegion and also provides to the
society the ratification of a solid model that denapplied in other areas where disputes
over water between users and the hydroelectriosatrteady are present or can be seen

in potential.
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